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TRISTAN I - Techniques, Capabilities and Accomplishments

W. L. Talbert, Jr.
Los Alamos Scientific Laboratory
Los Alamos, NM R7545

ABSTRACT

Following a brief description of the TRISTAN facility, the
techniques developed for on-line nuclear spectroscopy of short-lived
fission products, the studies possible, and the activities studied
are presented. A1l journal publications relating to the development
of the facility and the studies carried out using it are referenced,
and co-workers identified.



I. INTRODUCTION

In 1965, the Ames Laboratory research reactor became available
for experiments in nuclear, materials, and chemical sciences. In 1966,
the TRISTAN on-1line isotope separator facility became operational, with
the observation of mass-separated gaseous fission products in October.
For nearly ten years, the TRISTAN facility (to be referred to below
as TRISTAN I) set the stage for a series of successful spectroscopic
studies and developments of techniques. On July 1, 1976, a new in-beam
fon source was successfully operated which gave rise to non-gaseous
fission products, thus extending significantly the coverage of short-
1ived neutron-rich nuclei. With this new approach, the TRISTAN
facility oecame known as TRISTAN II.

Due to funding priorities in the Division of Physical Research
of ERDA (now DoE), operation of the Ames Laboratory- research reactor
will cease at the end of calendar year 1977. Thus, the question of
continuance of the existing research facilities at the reactor} such
as TRISTAN II, arises and constitutes the underlying theme of this
workshop. We are thus participating in discussions which are critical
to the consideration of the future of studies possible with TRISTAN iI,
relocated to the High Flux Beam Reactor at Brcokhaven.

There wilt be three talks on TRISTAN; this one, on the past
achievements, both technical and scientific, of TRISTAN I; Fred Wohn
will discuss the future promises of a continuance of TRISTAN II; and
cohn Hi11 will speak to the studies which have been made during the
short span of TRISTAN II.

Rather than repeat much of the information which has appeared in
print, I would 1ike to present a complete listing of pertinent references
and discuss snme of the philosophy behind the development of the
capabilities and studies with TRISTAN 1. The references are divided
into system description and instrumentation d:evelopment:.]'n and
the studies carried out.lz'48 essentially in chronological order except
for the unpublished work (which, hopefully, will make its way into
print). The definitive description or the system is Ref. 10.



I should 1ike to emphasize at the outset that the developinent
of the TRISTAN facility has been the product of the efforts of many
people, and I will acknowledge their contributions now rather than
at the end of my talk, to underscore my dependence upon them for
the activities which resulted in the highly productive program at
TRISTAN I. Table I illustrates what has not been properly appreciated
up to now, in my opinion: that the number of students who received
their training and did their research, compared to the number of
dedicated staff (which at any one time numbered about 4 FTE's), is
very large indeed.

TUI. TECHNIQUES ASSOCIATED WITH TRISTAN I

The initial concepts envisioned with TRISTAN were derived from
two facts of the 235U thermal fission process, both observable from
the fission ytelds shown in Fig. 1. First of all, when viewing the
mass yield profile, there are essentially two well-defined mass
regions for study, and these regions are separated by roughly a
chemical period. Secondly, when viewing the chemical yielc profile,
the gaseous products, Kr and Xe, both have yields close to the peak
chemical yields. The accented individual chemical yields for Kr and
Xe 11lustrate, moreover, that decay products of the high-yield gaseous
activities would be produced in higher ahundance through decay than by
direct fission yield.

Given these facts in combination with the unique physical properties
of the noble gases (high volatility and low chemical activity), the
development of a system which would make available the gaseous fission
products would not only be highly tractable, but also result in &
scientifically significant coverage of neutron-rich activities. Coupled
with these considerations is the need to concentrate on tiie techniques
which are to be employed in looking at short-lived activities at an on-
1ine facility. The latter effort was needed to be able to anticipate
and address the procedures necessary for on-line studies of short-lived
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Isometric view of the yields for thermal fission of 235U.



j'hucle1 where the daughter activities are also short-1ived.
' The resulting system configuration is shown in Fig. 2, which
_ shows t*-3 lTayout of TRISTAN I as it was used from 1969 until 1976.
A de‘ailed descrigtion of the system is given in Ref. 10; for the
,pufposd of this talk, a short description will suffice. The sample
of 2350 (in the form of the stearate or tetra-fluoride) was placed
in a neutron beam from the reactor, of nominal diameter 5 cm and
flux 3x10° n/cmzlsec. The sample size was nominally 10 g of 235U.
Operation of the sample chamber and transport 1ine at ambient room
temperature resulted in the availability of predominantly the Kr
and Xe fissfon products, with small amounts of Br and I. The two-
stage separation provided by the separator followed by the switch
magnet resulted in mass separation factors which were not
measurable; that is, despite an estimated detection sensitivity of
107 to 1, no (A+1) activity could be detected at the (A) deposit
after the switch magnet. The same statement did not hold true for
(A-1) contaminants; the presence of krH* and XeH* ions represented
a real contribution to the deposit under study, and resulted in a
(A-1) contamination level which was significant in the higher-mass
studies. The combination of lower fission yieid and shorter half-life
(resulting in larger loss in transport) for the high-mass products
compared to the (A-1) activities, resulted in an enhancement of the
I(rl’.+ and XeH+ deposition rates for these studies, even though the
hydride activities were typically 10'4 the ionic activities for the
same isotope.

Despite the above problem of hydride contamination, the principal
concern in the studies of short-1ived fission products was that of
the interference from short-11ved daughter activities. Accordingly,
considerable effort was made in the development and analysis of moving
tape collector technology, which provided a mechanical means of
discrimination between activities of an iscbaric decay chain. The
principle of the moving tape collector can be seen in Fig. 3. 1In
the collection of the separated ion beam, the ions are actually imbedded
in the collecting surface. If this surface should be a tape which
is capable of motion, the motion will carry the deposit Trom one place
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to another. In considering the situation pictured in Fig. 3, with
the tape in continuous motion, only the shortest activities in the
deposition will decay before being moved into the lead shielding

and away from detector #1. Thus, detector #1 will not see the
longer-1ived activities in the deposit. On the other hand, by the
time the deposit has mcved through the lead shielding to detector
#2, the shortest-l1ived activities have decayed away, leaving only
the longer-lived activities to be viewed by detector #2. In an
isobaric decay chain of a Kr or Xe separated isotope deposit, the
parent decays (Kr or Xe) are generally the shortest-lived activities
and the daughter activities which build in as the parent decays are
longer-1ived. Detector #1 can thus be made sensitive to the parent
decays and detector #2 to the daughter decays by appropriate choice
of tape speed. We have found that the discontinuous motion of the
tape is a preferred mode of operation, with selection of deposition,
delay, and data acquisition times to optimize the temporal conditions
 for a selected activity within the isobaric decay chain.4

The moving tape collector principle has been applied to all the
studies carried out. The "Gamma-Ray Moving Tape Collector" shown on
the layout (Fig. 2) has been designed to accommodate electron
spectrometers, as well as angular correlation detectors. Separate
moving tape collectors were constructed for use with a neutron
spectrometer and a wv2 spectrometer.

Among the other techniques developed for TRISTAN, without
elaboration, are: the on-line nv2 beta-ray spectrometer,8 an absolute
beta counter for ground-state branching,37 and a multiple-detector
9 In addition, beta-ray and
electron spectrometers were developed for decay energy and conversion
electron studies.s’30 Taken in total, the complement of experimental
techniques available at TRISTAN represented perhaps the most complete
spectroscopic capability at a single experimental facility. Still, the
use of the facility was mainly limited by the available manpower.

angular correlation detector array.
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ITT. CAPABILITIES

While the discussion on techniques gives an indication of the
capabilities which result, a few comments can be made using the help
of the stylized gamma-ray spectrum and decay scheme shown in Figs.

4 and 5, respectively. Apologizing in advance for being simplistic

to those in . the audienre who .are accomplished level scheme builders,
let me explain that the analysis of the spectrum shown in Fig. 4
reveals that five gamma rays are emitted in the decay of the observed
activity, and that these five gamma rays can be placed into the

level scheme of Fig. 5 by using the energy-sum relationships evident
from the analysis. The placement of Yo and Y4 can be verified, in a
general study, by showing them in coincidence with Y (assuming a very
short 1ifetime for the first excited state).

The existence of the beta branches, including that to the ground
state, can be inferred from the intersity imbalances for feeding and
depopulating the excited states, as observed from the gamma-ray
intensities. For the ground-state branch, an additional piece of
information 1s required, the total beta decay intensity (obtainable
using a 4n beta detector). As frequently happens for short-1ived
fission products, the decay energy may exceed the neutron binding
energy for the daughter nucleus. In this case, direct neutron emission
may occur after beta decay, even in competition with gamma de-excitation.
This phenomenon, referred to as delayed neutron emission, is of great
interest rtrom reactor control studies and also from the point of view
that such emission constitutes observable information on the nature
of highly excited states in nuclei.

Then, in view of the decay scheme shown in Fig. 5, the capabilities
which should be covered are: half-1ife determination, delayed neutron
emission, decay energy, ground-state beta branching, conversion
coefficient measurements (to more fully characterize the de-excitation
parameters), gamma-ray spectroscopy, coincidence studies, level lifetimes,
and angular correlation studies (to measure de-excitation spin sequences).
A11 of these capabilities were available at TRISTAN., The only nuclear
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parameters not unambiguously determined with these capabilities are

the spins and moments of the ground states, for which a technique
employing the nuclear hyperfine interaction seems feasible and is,
indeed, under development. The determination of decay energy could
also be accomplished using an on-line high-resolution mass spectrometer
for direct mass measurement of the ground-state. It should be noted,
however, that development of the latter two techniques is considerably
more involved than for those at hand, with larger manpower resources
inevitably. required. '

A word of caution: In considering the continuance of TRISTAN 1I,
it would be advisable to install a further capability, essentially
unrelated to the techniques described thus far. This is the on-1ine,
interactive analysis capability afforded through an expanded-memory
minicomputer system. If TRISTAN I had any real shortcomings, it was
in the time required to analyze the data. An interactive analysis
system, on-1ine or off-1ine, would have reduced the time spent on
gaseous fission produvcts censiderably.

The last capability which should be required of a general facility
to study neutron-rich ‘ission products is that of greater coverage
of the available elements than just the gaseous products. Although
TRISTAN II represents just that capability, I would 1ike to unveil
the fact that as far back as 1968, I had attempted to summon additional
support for the facility to investigate the possibilities for increased
elemertal availability. Given the lack of such support, we proceeded
to do the best we could with the activities available until, about 1974,
it was evident that we had to invest our current effort into the
developments which eventually proved successful two years later. This
was at the expense of completing the possible studies with the gaseous
activities, and is at least partly responsible for the unpublished
status of some of the studies which were carried out.

A summary of the capabilities, as well as the studies carried
out, is shown in Table II. References are provided for the activities
and studies made, and the techniques employed are described in the
individual cases.



TABLE 1I. Spectroscopic capabilities and studies at TRISTAN

14

142
(1%%xe,Cs)

Xe,Cs,Ba,La;  #38a; (143xe, C3,La);

Type of . Spectroscopic Activities studied References*
study technique
Tk Ge(Li) spectrum 85"'l(r;sgl(:r‘.Rb;gol(r',Rb;91l‘..-,Rb; 14, 18, 41
137Xe;]38Xe,Cs;139Xe,Cs;140Xe,CS;
]4IXe.Cs,Ba;142Xe.Cs.Ba
Pn BF3 long counter 92Kr,Rb;g3Kr,Rb;]4]Xe.Cs;MZXe,Cs 12, 13
QB n/2 mag. spect. 85ml(r*;87Kr;88Rb;895t';91Sr‘ 17, 18, 22
24, 43
Plastic scint.-  58kr,Rb;8%r; 9% ,Rb; ¥ kr,Rb; 25, 26
Ge(L1) 92Kr.Rb.Sr;93Kr,Rb;]38Xe.Cs;
]39Xe,cS;]40Xe.Cs;14]Xe.Cs.Ba;
142y0 cs
Bys /2 mag. spact. S9Mup 87y 91, 18, 22, 24
ax plastic scint. 38kr,Rb;8%r ,kb; % Rb;Tke,Rb 37
Ge(Li) relative S%r;9Nkr,Rb:%2kr,Rb;138xe, Cs; 21, 23, 28
activity ]39Xe.Cs 36, 44
I1CC n/2 mag. spect. 8&"Kr;88Kr;90Kr,Rb;glKr,Rb,Sr; 18, 24, 32
92Kr 43
S1(L1) 140y 30
LEPS Myr ,Rb 32
y Ge(L1) and LEPS  B9Mgp .88y pu:8% rb: 90kr ,Rb; 15, 16, 18
Myr Rb,Sr;9%Kr ,Rb,Sr,V; 19, 20, 21
93 o4 136 23, 27, 28
: ;r.Rb.Sr.Y;( Kr,Rb); ' %°1; gg, gg. 26
3 .138 139 . ’ » 40
"401'xe’ 14.}5xelcs, Xe,CS, 42’ 44’ 45
Xe,Cs; ° Xe,Cs,Ba,lLa; 46, 48
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TAELE 1I. (Continued)

*
Type of Spectroscopic Activities studied References
study technique

88 89 90

Yy Ge(L1)-Ge{L1) Kr,Rb;" “Kr,Rb;”“Kr,Rb; 15, 16, 19
9 Rb,Sr3%%Kkr, RD,SP; 20, 21, 23
93 136, 137 - 27, 28, 29
Kr,Rb,Sr,Y; V361: 1371 xes 35, 36, 38
]381.Xe.Cs;]39Xe,Cs;]40Xe.Cs; 22’ :2’ 2;
141 142 » 44,
Xe,Cs,Ba,la; Xe,Cs,Ba,la; 46, 48 )
1435
v(t)  LEPS-plastic Ny Rb;1361;140y . 141yq 26, 31
scint.
vr(e)  Ge(Li)-NaI(T1)  9%Rb;138cs;1%0xe,cs:1%21a 9, 33, 34

47

*
Activities in parentheses have been studied, but preliminary data have not
been analyzed.
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IV. ACCOMPLISHMENTS

An idea of the scope of the accomplishments of TRISTAN I, as
well as the car ilities, may be obtained from studying Table II.
There yet remain some areas of study which render the picture
incomplete; in particular, the ground-state beta branching intensities
are unfortunately not available for mass numbers higher than 91, fromn
direct measurement. What studies are presented, however, represent
detail which is unlikely to be improved upon for the foreseeable
future. The results contained in the references are, in many cases,
significant improvements over prior studies, and for other activities,
are the only definitive results available.

Another way of summarizing the accomplishments from the use of
TRISTAN I 1s to present the nuclei studied on a portion of the
chart of nuclides. This {s done in Figs. 6 and 7, in combination
with the fission chain ylield and an indication of the approximate
half-11fe regions. The shaded boxes represent the activities studied
at TRISTAN I. It 4s obvious that there are many high-yield fissfon
products not studied at TRISTAN I, and that the as yet unstudied
regions represent a challenge for years to come. It {s heartening
that an approach such as TRISTAN Il promises to fill in the gaps of
our knowledge of short-1ived nuclei produced in fission, given the
resources and manpower for the near-term future.

To conclude this brief, yet comprehensive, review of TRISTAN I,
I would 11ke to inject a personal note. It was my great pleasure
and honor to have been a part of the scientific strides made through
the development of this facility. 1 appreciate especially the willing
and effective support I recéived from my co-workers during the time of
development and operation of TRISTAN. It saddens me to see the work
halted, however momentarily it may turn out to be, in response to
fiscal pressures which are imposed just at the instant that the facility
is responding fully to its potential. I can only hope that the value
of the past efforts will continue to be realized by the community so
that the potentials which have been built up are not forfeited.
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